Abstract Abnormalities in cell cycle regulation, tumor suppressor gene functions and apoptosis are frequent events in tumorigenesis. Their role in the pathogenesis and prognosis of primary mucosal melanomas (MM) of the upper aerodigestive tract remains unknown. Sixty-four patients (40 men, 24 women, median age 64 years) with MM were included in this study; 32 had tumors in the nasal/paranasal cavities, 28 in the oral cavity and 4 in the pharynx. Archival tissues from 47 initial mucosal tumors, 17 mucosal recurrences, and 13 nodal/distant metastases were subjected to immunohistochemistry using antibodies against p16, p53, and bcl-2. The results were correlated with histological features and survival data. Expressions of p16, p53, and bcl-2 proteins were seen in 25% (N = 19/ 76), 21% (N = 16/76), and 74% (N = 56/76) of all tumors, respectively. bcl-2 expression in the initial tumors was associated with significantly longer overall and disease specific survival (3.3 vs. 1.5 years, P B 0.05). Expression of p16 was increasingly lost, from 32% in initial tumors to 12% in recurrent and 15% in metastatic tumors (P = 0.06). Tumors comprised of undifferentiated cells were significantly more p53 positive than epithelioid or spindle cells (80% vs. 33%, P = 0.02). Expression of these markers did not correlate with necrosis, or vascular and/or deep tissue invasion. Expression of bcl-2 is associated with better survival in MM. Loss of p16 was seen with tumor progression whereas aberrant p53 expression was frequent in undifferentiated tumor cells.
Introduction
Primary mucosal melanomas (MM) of the head and neck are rare tumors comprising 0.7% of 84,836 melanomas in the National Cancer Data Base [1] . Their etiopathogenesis is poorly understood. MM is more aggressive than cutaneous melanomas. It frequently presents in advanced stage with regional and distant metastases, and it is less amenable to complete surgical resection. Well-defined histologic prognostic criteria comparable to Breslow thickness and Clark levels in cutaneous melanoma are lacking in MM. The aim of this study was to identify molecular markers for predicting prognosis, and for possible targeted therapy.
The G1/S phase regulator p16 INK4a is a member of the cyclin-dependent kinase inhibitor (CDK4I, INK4a) protein family encoded by multiple tumor suppressor gene 1 (MTS1). Inactivation of p16 propels cells from G1 to S phase, and has been observed frequently in carcinomas, and reported in uveal melanomas [2, 3] . Franchi et al. [4] reported loss of p16 expression by immunohistochemistry in 73% of sinonasal melanomas and reported an association with morphology but not with prognosis. Loss of p16 expression has also been reported in a small number of oral melanomas, however, their prognostic significance is unknown [5] .
In the presence of excessive DNA damage, the wild type p53 protein causes G1 arrest, up-regulates DNA repair genes, and promotes apoptosis. Genetic alterations, e.g. homozygous deletions and mutations in the p53 gene, are the most common events affecting nearly 50% of solid tumors [6] [7] [8] [9] . The mutated p53 renders the cell resistant to chemo-and radiotherapy [10, 11] . Interestingly, cutaneous melanomas infrequently demonstrate aberrant p53 expression. Inactivation of p16
INK4a and mutation in p53 tumor suppressor genes are early events in oncogenesis and appear to adversely influence prognosis in carcinomas of the breast, pancreas, colon, lung, and cutaneous melanoma [12] .
The bcl-2 oncogene, located on chromosome 18q21, encodes a family of anti-apoptotic proteins that prolong cell survival. bcl-2 is over-expressed in several malignant neoplasms including cutaneous and ocular melanoma. Kostov et al. [13] investigated the expression of p16, p53, and bcl-2 in cutaneous melanomas and correlated it to histologic prognostic predictors. They reported that increasing proliferative index, Breslow thickness and Clark levels had a positive correlation with p53 expression but negative correlation with bcl-2 and/or p16. In cutaneous melanomas arising from benign nevi, expression of p53 was seen in the malignant component only, whereas expression of p16 and bcl-2 was strong in benign but weak or negative in the malignant component [14] . The prognostic significance of p53, p16, and bcl-2 proteins in a large series of well-characterized primary mucosal melanomas of the head and neck has not been investigated before.
Materials and Methods
The archives of Pathology at the Memorial Sloan Kettering Cancer Center were searched for primary mucosal melanoma (MM) arising in the head and neck mucosa from 1956 to 2000 following approval of the study by the institutional review board. A database of 99 well-characterized MMs was created by the authors. All available hematoxylin and eosin stained slides from biopsies and/or resections were reviewed by a head and neck pathologist (MLP) and a dermatopathologist (KJB). The mucosal origin of the tumors was determined from clinical information, i.e. absence of primary melanoma in any other body site or absence of disseminated melanoma, and by detecting in-situ mucosal melanoma associated with a mucosal tumor, when present. The melanocytic nature of the tumors was supported by intracytoplasmic melanin, and/or by immunohistochemistry with melanocytic markers, e.g. MART-1/Melan A (A103), glycoprotein 100 (HMB45), tyrosinase (T311), S100 protein, microphthalmia-associated transcription factor (D5) as published elsewhere [15] . This database has been used for clinical, pathologic, and protein expression profiling of oral and sinonasal melanomas in the past [16] [17] [18] [19] [20] [21] . The current study includes a subset of cases where formalin-fixed paraffin-embedded (FFPE) tumor tissue was available for additional study of prognostic markers. Cases with insufficient tumor tissue were excluded. Thus, this study includes 64 cases: 32 patients with tumors arising in the sinonasal cavities, 28 in the oral cavity, and 4 in the pharynx (2 in oropharynx and 2 in nasopharynx).
Clinical Information
Clinical information was collected through chart review and is summarized in Table 1 . Tumor size was known in 33 patients, including 16 oral cases (0.6 mm to 3.2 cm; median 1.2 cm) and 17 sinonasal cases (6 mm to 7 cm; median 2 cm). In 4 patients (2 oral and 2 sinonasal), the tumors were simply documented as 'extensive'. Tumor progression, e.g. local recurrence, was noted in 21 patients, cervical lymph node involvement were noted in 9 (6 sinonasal and 3 oral MM) and distant metastases in 25 (11 sinonasal and 14 oral) patients, respectively. Follow-up was available until death in 48 patients and from 4 months to 19.5 years in the 14 remaining patients who were alive at the end of the study (median 1.6 years). Thirty eight patients died due to MM 1 month to 16.5 years after diagnosis (median survival 2.3 years). The most common cause of death was disseminated MM (N = 16).
Review of Pathology
The tumor was amelanotic in 22 patients. In-situ MM was observed in 47 of 58 patients. Tumor thickness varied from 0.5 mm to 2 cm (median 5.5 mm) in 63 cases. Depth of invasion could be assessed in 55 cases: 2 arising in oral mucosa showed microinvasion only (defined as invasive individual or clusters of \10 atypical melanocytes near the epithelial-subepithelial junction) [19, 23] tumors invaded into the lamina propria, and 30 tumors (54.5%) invaded more deeply into muscle, bone, cartilage, orbit, and/or skin. Tumor morphology was recorded as epithelioid, spindled, or undifferentiated. The undifferentiated tumor cells were typically ''small round blue cells'' (lymphoma-like) or severely atypical tumor cells with bizarre multinucleated giant cells reminiscent of high-grade pleomorphic sarcoma [18] . The tumor was comprised of epithelioid and/or spindle cells in 49 (76.5%) cases, and of predominantly undifferentiated cells in 15 (23.4%) of 64 patients (Fig. 1) . Tumor necrosis was present in 45 (70%), and vascular invasion was noted in 18 (28%) of 64 patients.
Immunohistochemistry
Seventy-seven formalin-fixed paraffin-embedded tumor tissues were available from the 64 patients, and represented 47 initial, 17 recurrent, and 13 metastatic events. The metastases involved lymph nodes (N = 6), lung (N = 3), gastrointestinal tract (N = 2), liver (N = 1) and brain (N = 1). Tumor tissues from multiple separate clinical events were available in 13 patients, including initial and recurrent tumors (N = 4), initial and metastatic tumors (N = 6), and recurrent and metastatic tumors (N = 3).
Five micrometre thick full histologic sections were collected on charged slides (Superfrost, Fisher Scientific, Pittsburgh, PA, USA). Heat induced antigen retrieval was carried out by steaming the sections in citrate buffer (10 mM, pH 6) at 90°C for 30 min. Immunohistochemistry was performed manually with mouse monoclonal antibodies to bcl-2 (clone 124, 1:50, Dako, Carpinteria, CA, USA), p53 (clone DO-7, 1:500, Dako), and p16 (clone DCS-50, 1:200, Oncogene Science, MA, USA). Positive controls included a normal lymph node for bcl-2, a p53 positive colonic adenocarcinoma, and a p16 positive alveolar rhabdomyosarcoma. Negative controls without primary antibodies were used in each staining batch.
The protein expression was cytoplasmic for bcl-2, nuclear for p53, and both nuclear and cytoplasmic for p16. The intensity of staining was uniformly strong for bcl-2 and p16, irrespective of the number of positive tumor cells. The staining intensity for p53 was weak in tumors staining 25% or less tumor cell nuclei, and increased in intensity to moderate and strong with higher percentage of positive tumor cells. The expression was graded semi-quantitatively on a score of 0-5 based on the percentile of tumor cells showing immunoreactivity, as follows: negative or 0 representing 0-5% positive tumor cells, and 1? to 4? representing 6-25, 26-50, 51-75 and [75% of positive tumor cells respectively [13] . The scoring was done by consensus between two observers (MLP, KJB) on a double-headed microscope.
Statistical Analysis
The immunohistochemical results were converted to binary data for analysis: for p16 and bcl-2, tumors showing [5% positive tumor cells were considered positive and those with B5% expression were considered negative. For p53, tumors with [25% positive tumor cells were considered positive for aberrant p53 expression. These results were then correlated with pathologic features previously determined to indicate poor prognosis, e.g. undifferentiated tumor cells, vascular invasion, neural invasion and necrosis [21] , disease progression, and overall and disease-specific survival. Correlation of protein expression to survival was restricted to the initial mucosal melanomas, in order to recapitulate the disease management scenario for some of the most frequent malignancies, e.g. breast carcinoma, where prognostic markers are queried at the initial diagnosis. For disease-specific survival, patients that died of other causes were censored at the time of death. KaplanMeier curves and Log-rank tests were calculated with a level set at P \ 0.05. Simple univariate analyses were performed using Chi-square, t test and analysis of variance 
Results
The expression of p16, p53, and bcl-2 proteins in the initial and recurrent mucosal, and metastatic tumors is shown in Table 2 ( Fig. 1d, f, g ). The expression of p16 was seen in 15 initial, 2 recurrent, and 2 metastatic tumors, however, only 3 tumors showed strong and diffuse expression in [75% of the tumor cells. Overall, 75% of the tumors lost p16 expression, and a trend to increasing loss from initial mucosal tumors to recurrent/metastatic tumors (P = 0.06) was noted. No significant difference in p53 and bcl-2 expression was seen in initial and advanced (recurrent/ metastatic) tumors (Table 2) . No p53 expression (N = 37) or weak expression in B25% tumor cells (N = 23) was seen in 60 of 76 tumor tissues. Expression of p53 was significantly (P = 0.002) associated with undifferentiated tumor cell morphology, resembling small round blue cell tumors (lymphoma-like) or undifferentiated high grade sarcoma (Table 3) . No correlation was noted between all three markers and vascular invasion, necrosis, and deep tissue (bone, cartilage or skeletal muscle) invasion (Table 3) . None of the markers were helpful in predicting concurrent or subsequent distant metastases seen in 16 patients (Table 4) . The expression of bcl-2 in initial tumors was associated with significantly improved survival (P \ 0.05, Table 5 , Fig. 1h ) with the median overall and disease-specific survival in bcl-2 positive tumors being twice that of bcl-2 negative tumors. In general, tumors that retained p16 expression, over-expressed bcl-2 and lacked p53 (p16?/ bcl2?/p53-) had a favorable overall and disease-specific survival over those that did not (p16-/bcl2-/p53?) but the difference was not significant.
Discussion
We have previously reported morphologic predictors of poor prognosis, e.g. undifferentiated tumor cell morphology, vascular invasion, tumor necrosis and deep tissue invasion [17, 21] . Now we extend our study to identify molecular predictors of prognosis. Molecular markers of prognosis are generally evaluated at the time of initial presentation in most solid tumors. Therefore, we studied the expression of p16, p53 and bcl-2 in 47 initial mucosal tumors to correlate it to overall and disease-specific survival. Our results show that tumors expressing bcl-2 were The difference in total numbers is due to insufficient tissue for immunohistochemistry in some tumors * p16 was increasingly lost from initial to recurrent and metastatic tumors (P = 0.06) ** Only tumors that showed staining reaction in [25% of tumor cells (2? to 4?) were considered positive for p53 The difference in total numbers is due to insufficient tissue for immunohistochemistry in some tumors 1 P = 0.002 a Level of invasion was evaluated in the mucosal tumors available in 57 patients only expression to be more frequent in invasive nodular melanomas [13, 22] . The association of bcl-2 expression to improved survival in the current study is similar to colorectal [23] and breast carcinoma where it correlates with better survival and favorable phenotype respectively [23, 24] . This suggests that the molecular pathogenesis of primary mucosal melanoma may be more similar to visceral malignancies, rather than its UV light-related cutaneous counterpart, and that mucosal melanomas that need to switch on the bcl-2 mediated anti-apoptotic pathway to negate programmed cell death may be less aggressive than other tumors. Simultaneous assays of apoptosis and tumor proliferation may help explain the better prognosis in bcl-2 positive tumors. Novel antisense oligodeoxynucleotide based therapy aimed at down-regulating the anti-apoptotic bcl-2 oncogene and promoting tumor cell death may be a consideration in bcl-2 positive mucosal melanomas. Loss of p16 protein expression was observed in twothirds of initial mucosal tumors in the current series, and increased with tumor progression. We believe that the significantly larger number of tumors in the current series, 77 tumor samples from 64 patients, provided superior statistical power to demonstrate progressive loss of p16 with tumor progression, unlike previous reports [5] . Similar to pancreatico-biliary [25, 26] , hepatocellular [27] , colorectal [28] , and non-small cell lung carcinomas [29] , we found that MM that retained p16 expression had longer overall and disease specific survival but this did not reach significance.
Abnormalities in the p53 gene/protein have been extensively studied in cutaneous and uveal melanomas [30] [31] [32] . Gwosdz et al. [33] reported p53 mutations in 57-58% of MM suggesting the role of non-UV related mechanisms. We found aberrant p53 protein expression in 21% of MM, and in contrast to cutaneous melanomas where p53 over-expression increases with disease progression and metastasis [32, [34] [35] [36] [37] , we found no significant difference between initial mucosal melanomas and recurrent/metastatic tumors. Interestingly, 80% of MM comprised of undifferentiated cells were positive for p53. In a previous study, we demonstrated that undifferentiated cells were associated with an unfavorable prognosis [21] . Similarly, in uveal melanomas, abnormalities in p53 are associated with an unfavorable outcome [38] . In the current study, p53 positive tumors were associated with shorter overall and disease specific survival but it did not reach significance.
The rarity of MM restricted the current study on several fronts. The small number of cases precluded multivariate analysis and limited the power of the statistical analysis. This problem was further accentuated when the tissue samples were split into recurrent and metastatic tumors. There was significant heterogeneity among the tumors based on tumor subsite, and variable treatment protocols were received by the patients over four decades. The retrospective and single institution based data collection adds additional bias. Several of these weaknesses can only be addressed by a large scale prospective multi-institutional study. Metastasis-analysis of the SEER data will not identify biomarkers predictive of prognosis as none are routinely or consistently performed on MM.
In summary, expression of bcl-2, p53, and loss of p16 expression are frequent and early events in primary mucosal melanomas, suggesting that impairment of programmed cell death and dysregulation of the G1/S phase check-point may play a role in tumorigenesis in a subset of head and neck mucosal melanomas. Expression of bcl-2 in initial mucosal melanomas predicts better prognosis. 
